Lihua You et. al. [5] introduced an important transformation called, branch-transformation. This paper furthers results for a similar concept called, edge-transformation in relation to total irregularity of simple undirected graphs with at least one cut edge. The concept of an edge-joint between two simple undirected graphs is introduced. We also introduce the concept of out-degree and in-degree total irregularity in directed graphs. The introduction to the latter is simplistic and it is hoped to encourage further research.
Introduction
Lihua You et. al. [5] introduced an important transformation called, branch-transformation. This paper furthers results for a similar concept called, edge-transformation in relation to total irregularity of more general graphs.
Total irregularity of a simple undirected graph G is generally defined to be irr t (G) = 
irr t (G), From an edge-joint
Consider a simple undirected graph G on n vertices with two connected components G 1 and G 2 hence, G = G 1 ∪ G 2 . So we have that, irr t (G) = irr t (G 1 ) + irr t (G 2 ) + The concept of an edge-joint between two simple undirected graphs G and H is defined below.
Definition 2.1. The edge-joint of two simple undirected graphs G and H is the graph obtained by linking the edge vu | v∈V (G),u∈V (H) , and denoted G vu H.
Note:
Theorem 2.1. Consider a simple undirected graph G on n vertices with two connected components G 1 and G 2 and let V (G 1 ) = {v i |i = 1, 2, 3, ..., r} and V (G 2 ) = {u j |j = 1, 2, 3, ..., s}. Without loss of generality choose vertices v 1 and u 1 from graphs G 1 and G 2 respectively. Let
Proof.
By increasing d(v 1 ) by 1 we increase the partial sum ( 
by exactly c * and decreases the partial sum (
Hence, the result: 
or; 
After edge-transformation in respect of v 1 we have that:
. It also increases the partial sum (
w j ∈Vs by exactly s and finally it reduces the the partial sum (
by exactly t.
creases by exactly (h − 1). It also decreases the partial sum (
exactly s and finally it increases the the partial sum (
creases by exactly h. It also changes the partial sum (
(m − 1) − ℓ and finally it increases the the partial sum (
creases by exactly h. It also decreases the partial sum (
and finally it changes the the partial sum (
So the result: 
Total irregularity in respect of the in-degree and out-degree of directed graphs
If the vertices of a simple directed graph G → on n vertices are labelled v i , i = 1, 2, 3, ..., n then the definition of the total in-irregularity in respect of in-degree is, irr
Similarly the total outirregularity in respect of out-degree is, irr
Re-orientation of an arc, or arc-transformation of an arc will find application in most classical applications of directed graphs, be it tournaments, transportation problems, flow analysis or alike. 
irr
Proof. Label the vertices of the directed path P → n consectutively from left to right v 1 , v 2 , v 3 , ...., v n . We have that the in-degree sequence is given by (0, 1, 1, ..., 1) n−entries . Therefore we have that
We also have that the out-degree sequence is given by (1, 1, 1, ...1, 0) n−entries
. Therefore we have that 
and, . Therefore we have that irr (n−2)−entries and (0, 2). Hence, the result
It also results in the out-degree sequence (2, 1, 1, ..., 1, 0) (n−2)−entries
. So similarly to the above the result:
Lumin's Corollaries
Note that Lumin's Theorem results in two easy Corollaries. Through a simple change of Definition 3.1 the in-arc-transformation partitioning in respect of v 1 and the out-arctransformation partitioning in respect of v 1 can be defined. 
Definition 4.1. The in-arc-transformation partitioning in respect of v i of the vertex set V(G) of a simple connected directed graph G on n vertices is defined to be
V h = {v i |d − (v i ) = (d − (v 1 ) − 1)} ∪ {v 1 }, h = |V h |, and V s = {v i |d − (v i ) > (d − (v 1 ) − 1)}, s = |V s | and V t = {v i |d − (v i ) < (d − (v 1 ) − 1)}, t = |V t |.
Definition 4.2. The out-arc-transformation partitioning in respect of
v i of the vertex set V (G → ) of a simple connected directed graph G → on n vertices is defined to be V h = {v i |d + (v i ) = (d + (v 1 ) − 1)} ∪ {v 1 }, h = |V h |, and V s = {v i |d + (v i ) > (d + (v 1 ) − 1)}, s = |V s | and V t = {v i |d + (v i ) < (d + (v 1 ) − 1)}, t = |V t |.irr − t (G v i u 1 )              = irr − t (G), if d − (v i ) = (d − (v 1 ) − 1), = irr − t (G) + 2m, if d − (v i ) > (d − (v 1 ) − 1), = irr − t (G) − 2(h + ℓ 1 ), if d − (v i ) < (d − (v 1 ) − 1), with V s 1 = {v j |d − (v j ) ≤ d − (v i ), v j ∈ V s }, m = |V s 1 | and V s 2 = {v j |d − (v j ) > d − (v i ), v j ∈ V s }, ℓ = |V s 2 | and V t 1 = {v j |d − (v j ) ≤ d − (v i ), v j ∈ V t }, m 1 = |V t 1 | and V t 2 = {v j |d − (v j ) > d − (v i ), v j ∈ V t }, ℓ 1 = |V t 2 |.irr + t (G v i u 1 )              = irr + t (G), if d + (v i ) = (d + (v 1 ) − 1), = irr + t (G) + 2m, if d + (v i ) > (d + (v 1 ) − 1), = irr + t (G) − 2(h + ℓ 1 ), if d + (v i ) < (d + (v 1 ) − 1),with V s 1 = {v j |d + (v j ) ≤ d + (v i ), v j ∈ V s }, m = |V s 1 | and V s 2 = {v j |d + (v j ) > d + (v i ), v j ∈ V s }, ℓ = |V s 2 | and V t 1 = {v j |d + (v j ) ≤ d + (v i ), v j ∈ V t }, m 1 = |V t 1 | and V t 2 = {v j |d + (v j ) > d + (v i ), v j ∈ V t }, ℓ 1 = |V t 2 |.
Then irr
Proof. The orientation results in an in-degree sequence (0, 1, 2, ..., (n − 1)) n−entries
and an out-degree
. Choose the k th entry of the in-degree sequence.
From the definition it follows that the k th term is given by
So from the definition of irr
j. Furthermore, since the out-degree sequence is a mirror image of the in-degree sequence and irr ) we have that
results in the value 1, (n times) and 0, ((n-1) times). Hence, irr
Case 2: For the out-degree sequence (n, 0, 0, ..., 0 n−entries ) we have that
results in the value n, (n times) and 0, ((n-1) times). Hence, irr Open access: This paper is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution and reproduction in any medium, provided the original author(s) and the source are credited.
